





















































































































































TABLE 9

Analyses and optical properties of alkall amphiboles

R. 3 R. 7 R. 20 R.50 R.57 R.58 R.63 R.64 R.65 R.85 R.30 R.79 R.92 A.37
8102 50.25 48,092 47,45 47,70 47,60 48,59 49,60 48,44 48,74 42,15 48,47 42,61 50.1¢ 47,56
Zro 0.56 0.43 0.28 0.87 0.14 0.20 0.44 0.15 0.13 0.20 0.41 0.21 0.20 0.28
Alzo3 0.26 0.60 0.66 1.15 0.86 0.92 0.34 0.10 0.36 0.95 0.59 0.27 0.24 0.86
Tio 0.80 1.74 1.61 1.04 1.66 1.28 0.76 1.15 1.17 1.14 0.74¢ 0.52 0.60 1.51
Fe203 13,95 10.88 12.65 12.920 13.71 13.22 11.48 12.42 12.61 13.10 11.89 12.91 13,34 9.28
FeO 17.09 25,33 21.41 22.57 22.35 21,10 22.24 21.12 21.52 20.60 22.93 19.50 20,53 : 26.03
LiZO (Photometric) 2.20 0.53 0.42 0.52 0.46 0.67 0.51 0.97 0.99 1.16 0.74 1.76 0.65 | n.d
MnO 0.62 0.62 0.98 0.54 0.60 0.47 0,40 0,52 0.41 0.32 0.37 0.48 0.37 0.61
Mg0 0.04 0.05 0.03 0.44 0.07 0.03 0.16 0.42 0.05 0.30 0.05 0.13 0.03 0,34
Zn0 0.93 0.43 0.33 0.50 0.59 0.56 0.64 0.62 0.64 0.64 0.47 0.47 0.78 0,26
Fbo 0.18 n.d. n.d. n.d. 0.01 0.06 0.07 0.04 0.07 0,04 0.01 0.07 0.02 n.d
Cal 0.20 0.87 2.88 2.22 1.74 1.79 0.90 1.95 1,02 0.64 0.88 0.31 0.49 : 4,27
Na20 8. 80 7.41 6.62 6.36 6,92 7.30 8.77 7.92 8.08 7 .66 8.88 9,43 B.67 ' S5.74
K20 2. 20 1.01 1.82 1.14 1.20 1.62 1,70 1.68 1.75 1.96 1.60 1,65 1.89 1.15
P205 0.16 0.08 0.08 0.07 0.02 0.05 0.04 0.04 0.03 0.04 0.01 0.13 0.04 0.20
HO + 0.4 1.3 1.7 1.7 1.8 1.4 1.1 1.1 1.3 1.3 1.0 1.1 1.3 1.5
2 - 0.09 0.15 0.22 0.12 0.05 0.12 0.06 0.03 0.07 0.10 0.08 nil nil 0.09
F 3031 1.03 1.40 1.31 1.4 l.61 2.20 2.33 2,06 2.17 2.20 2.48 2.00 0.56
Cl 0.18 0.12 0.07 C.05 0.0¢2 0.04 0.08 0.01 0.10 0.16 0.03 0.09 0.06 | 0.40
102,22 100.67 100.61 101.20 101.07 101.03 101.589 100.97 101.10 101.63 101,22 101.02 101,40 ? 100.66
Less 0, for
’ F, Cl 1.43 0.46 0.61 0.56 0.61 0.69 0.5 0.96 0.88 0.96 0.93 1.06 0.85 0.33
100.79 100.21 100.00 100.64 100.46 100.34 100.55 100.01 100.22 100.67 100.42 100.06 100.55 100.33
Trace elements ppm
Lithium (Spec.) {

As L1,0% 2.16 0.43 0.54 0.32 0.32 0.65 0.86 0.97 0.86 1.3 0.54 1.3 0.65 | n.d
Copper 7 n.d. n.d. n.d. 7 8 9 3 7 39 4 8 11 n.de.
Nickel S n.d. n.d. n.d. S 3 4 S ) 10 S 4 9 | n.Ge
Lead 1800 n.d. n.d. n.d. 114 580 710 374 694 320 85 674 214 g n.d.
Zinc 7500 3500 2625 4000 4750 4500 5128 5000 5125 5125 3750 3875 6250 ! 2125

:
oc: 1.677 1.691 1.694 1.692 1.691 1.685 1.676 1.684 1.685 1.681 1.879 1.677 1.677 | 1.621
Y' 1.,693-4 1.696 1.702 1.704 1.704 1.699 1,688 1.699 1.697 1.700 1.624 1,695 1.698 1,700
Vi—oc’ 0.016 0 .005 0.008 0.012 0,013 0.014 0.012 0.015 0.014 0.019 0.015 0.018 0.021 0.009
oc ’ Indigo Deep grn.] Deep blue Deep blue Indigo Deep grn. Indigo Indigo Indigo Indigo Indigo Very deep Indigo
blue blue blue
Y’ Lt. green Lt. stray Yellow Yellowish| Dk. yellow| Greenish Lt. yellow Yellow Yellowish n.d. Yellow Pale grn. Lt. yellow
yellow green yellow green green green ‘yellow green




TABLE 11

Formulae of alkali amphiboles calculated to 24 (0+ OH +F)

A. 7 A,20 A, B0 A.57 A.58 A.63 A.,64 A,6586 A.85 A.30 A.79 A.S82 A.37
St 7.77 7.68 7.56 7.49 745 7.62 7.79 7.63 7.66 7.66 7.67 7.72 7.82 7.63
Al 0.05 0.11 0.12 0,21 0.16 0.17 0.06 0.02 0.07 0.17 0.11 0.05 0,04 0.17
Zr 0.04 0,03 0,02 0.07 0.11 0.11 0.01 0.03 0.01 0.01 0,01 0.02 0.01 0.02
Ti 0.09 0,18 0.19 0.12 0.20 0.15 0.09 0.14 0.14 0.13 0.08 0.06 0.07 0.18
Fe''!? 0.05 - 0.11 0,11 0.08 0.05 0,03 0.20 0.12 0.13 0.10 0.15 0,06 -
Z~group 8,00 8,00 8,00 8.00 8.00 8,00 8.00 8,00 8.00 8.00 8.00 8.00 8.00 8.00
Ti - 0.03 =~ ~- - - - - - - - - - -
Fet!! 1.57 1.30 1.41 1.41 1.56 1.81 1.33 1.27 1.37 1.40 1.32 1.36 1.50 1.12
FeM 2,21 3.27 2.85 2,96 2.97 2.77 2,92 2.78 2.83 2.868 3.03 2.54 2.67 3.49
Li 1.36 0.34-0.27 0,33 0.29 0.42 0,32 0.61 0.62 0.73 0.43 1.10 0.41 n.d.
Mn 0.08 - 0.13 0.07 0.08 0.06 0.08 0.07 0.05 C.04 0.05 0.06 0.05 0.08
Mg 0.01 0,01 - 0.11 0.02 0.01 0,04 c.10 0.01 C.07 0.01 0,03 - 0.08
Zn 0.10 0.05 0.04 0.06 0.07 0.06 0.07 0.07 0,07 0.07 0.05 0.05 0.09 -
Na - - - - - - 0.16 0.09 - - 0.11 - 0.08 -
i-group .33 85,00 4,71 4.94 4,99 4,83 4,89 4,29 4,95 4,929 5.00 5.14 4,80 4,77
Ca 0.03 0.15 0.42 0,38 0.30 0.30 0.18 0.33 0.17 0.11° 0.15 .05 0.08 0.€°
Na 2.6¢ 2,29 2,056 1,94 2413 2e22 2.61 .3 €46 2431 2.61 2.8 2,54 1.79
K 0.44 0,20 0,37 0.23 0.24 0,32 0.34¢ 0,54 0.36 0.39 0.32 0.33 0.38 0.24
Mn - 0.08 - - - - - - - - - - - -
Fe ' ' . - 0 - 10 - hnd - - - . t— B - - - - - -
AX-group 3.11 2,82 2.91 2.55 2.67 2.84 3,00 3.00 2.29 2.81 3.08 3.22 3,00 2.72
OH 0.41 1.38 1,49 1,78 1.70 1.47 1.1 1.16 1.36 1.35 1.05 1.14 1.35 1.85
F 1.62 0.52 0,70 0,65 0.70 0.80 1.09 1.16 1.02 1.07 1.10 l.22 0.98 0.28
Cl 0.05 0,03 0,02 0,01 0,02 0,01 0,02 0.01 0.03 0.04 - 0.02 0,01 0.10
OH-group 2,08 1,93 2.21 2.44 2.42 2,28 2.26 2,33 2.41 2.486 2,15 2.38 2,34 2,03
#Fe'' /R 0.58 0.88 0.8 0,83 0.86 0.83 0.85 0.76 0.72 0.74 0.84 0.67 0.83 0.95
Fe''/Fe''! 1,368 2.59 1l.88 1,95 1.81 1.78 2.15 1.89 1.20 1.75 2,13 1.68 1.71 3.12
Ca/Ca alkali 1 5 17 14 11 10,5 5 11 6 4 S 2 2.5 25

¥ R = total ions in the Y-group
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FIG. 22(a)

Shows the ma'/af components of (1) average of 5 amphibole-Ffayalite granites
(2)average o '
la) shows Che composibion of (he maberidl sibéracted From the amphibole -

S amphrbdo/e«biotite grenites | (3.) &verage of Biotite granites,

°lo

/'a,ya(/te rencfe to produce amphidole-8iotibe granite  (8) s4
; ‘ (8) shows ¢Ahe
'Zn of the material sublracted From a/'g;/nf/éo/e/-b/o/t/te granite

composié,
to Form Fiotite grenite.
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(D) Shows the compesition of the material (a) theé musé be subbracéed From

a.mpﬁ:‘bo/e-/"aya(;’t‘e granite () to give biotite granite (2).
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